Special issue on validation of computational solid mechanics models
This special issue contains a set of papers based on presentations made at an international workshop on the validation of computational solid mechanics models. The speakers were invited to provide an international dimension; a diversity of views from industrial, academic and national laboratory perspectives; and to represent experimentalists as well as modellers. The programme for the workshop included a significant amount of unstructured time for discussion. The remainder of this editorial provides a summary of conclusions reached in the discussions.
Most studies on validation of computational solid mechanics models deal with a model of a single component, or simple system. However, it was recognised that engineers need to deal with complex systems for which a hierarchy of models is often employed. It was concluded that a dual approach to validation was required involving both a validation of the individual, constituent models in the hierarchy from a top-down and bottom-up perspective; and a validation of the connections between the models in the hierarchy that captures the emergent behaviour of the complex system.
The acceptability of computational models was discussed mainly in the context of a scientific methodology for considering the validity of hypotheses. This lead to discussion of the need to consider that the reductionist approach commonly applied in physics may not always capture the essential behaviour of the system, in part because modelling the detailed physics may lead to high model vulnerability. It was recommended that engineers should use their design skills to create robust and satisficing models, i.e. models that are simple enough to be robust but sufficiently sophisticated to capture the system's behaviour. This approach is expanded upon in several papers in this issue.
What is acceptable in terms of model validity? This question was debated at some length and several of the papers in this issue propose possible answers. The consensus of the workshop was that engineers need to provide evidence of sufficient strength for a decision to accept or reject a model to be made with confidence by a decisionmaker, who could be, but is not necessarily, an engineer. This rather nebulous answer arises at least in part because validation of computational solid mechanics models is required across overlapping domains in which circumstances and expectations differ. The research or 'academic' domain contains well-defined problems in which most experimental uncertainties are defined and postdiction is common. (The term 'postdiction' was used by Dr Michael Prime of Los Alamos National Laboratory, in his presentation to the workshop that is not included in the set of papers published in this special issue. The term refers to the results from computational models obtained when the behaviour of the system is already known, for instance from experimental observations or analytical theory.) The application domain contains engineering systems for which the appropriate governing laws are known and performance prediction is required. There are both known and unknown uncertainties in the application domain. Finally, what might be termed the conceptual domain lies beyond the application domain in that blind prediction is required, in the sense that it is not possible to conduct experiments and observe behaviour [not always impossible, maybe just required to be blind; for example, the model of an airplane in the severest storm conditions may not be tested experimentally but eventually will be in service], so that some of the governing laws -and hence the models -are ill-defined and the experimental and model uncertainties are largely unknown. The requirements and viability of validation are somewhat different in each of these domains.
In addition, it is important to recognise that any statement on the validity of a model only holds within a multi-dimensional envelope that can be defined based on the parameters and governing laws incorporated in the model. It was proposed that more work was required on methodologies to define an envelope of validity, which will become increasingly difficult as one progresses from the 'academic' to application and conceptual domains.
While the guest editors remain responsible for this editorial, they wish to acknowledge all of those who contributed to the discussions at the workshop.
